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Supplementary Figure 1 
Design of GPCR-based sensors using the universal cpGFP module. 
Shown is a sequence alignment of the contiguous regions of transmembrane helixes 5 and 6 (TM5, TM6) used to develop fluoresce nt 
sensors from 10 different GPCRs. The third intracellular loop of the receptors is deleted in the sensors (region shown in ora nge 
shading) and replaced with the universal cpGFP module consisting of the indicated residues surrounding cpGFP (indicated in th e green 
box). The complete sequence for the cpGFP module is available from Addgene or in our original publication 
16
). Image was modified 
from 
16
, copyright  2018. 
 
 
 
Supplementary Figure 2 
Comparison of locomotion related dopamine transients using dLight1.1 or dLight1.2 in behaving mice with 2 -photon 
microscopy. 
a, Schematics of two-photon imaging of head-fixed mouse during treadmill locomotion. b, Mean ΔF/F for all significant positive-going 
transients in mice expressing either dLight1.1 (n = 2 mice, 131 transients) or dLight1.2 (n = 2 mice, 31 transients). c-d, Mean transient 
ΔF/F during rest and run for all fields in dLight1.1 (n = 2 mice, 5 fields) and dLight1.2 (n = 2 mice, 8 fields). Image was modified from 
16
, 
copyright  2018.  
  
 
 
 
Supplementary Figure 3 
Comparison between dLight1.3b and GRAB-DA1m in neurons. 
a, Representative images of primary cultured neurons (DIV15) expressing either dLight1.3b or GRAB-DA1m. Cells were transduced by 
directly applying ~10
10
 viral particles either AAV9.Synapsin.dLight1.3b or AAV9.Synapsin.GRAB-DA1m onto the medium 14 days prior 
to imaging (AAVs produced by the UC Davis Viral Vector Core Facility). Cells were imaged under identical conditions (laser intensity, 
pinhole size, etc.) with a 40x oil-based objective on a Zeiss 710 confocal microscope. Intensity profile plots representative of the lines 
drawn across the neuronal dendrites are show as insets. Scale bars, 20 µm. b, Basal fluorescence and signal to noise calculations 
were performed on Fiji (Image J) from regions of interest manually drawn on the neuronal membrane. At least n=3 neurons from 2 
separate experiments were included in the analysis. Data are shown as individual ROI values ± SEM.  ****p<0.0001, n.s.= not 
significant, unpaired student’s t-test. c, Time lapse images were acquired at ~1 second intervals. Drugs (dopamine, DA; haloperidol, 
Halo; SCH23390, SCH) were directly applied on the cells at the time points and concentrations indicated in the graphs.  n≥2 neurons for 
each sensor. Data are shown as mean ± SEM.  
 
 
 
 
Supplementary Figure 4 
Equipment setup for photometry recordings. 
a, Photograph of optical components in the fiber photometry setup described in 51 and 18. b, Photograph of data processor with inputs 
from photodetector and external TTL and with outputs for LED modulation. Optical components in (a) are located inside the rackbox 
below. c, Photograph of a mouse expressing dLight1.1 during freely moving behavior inside an operant box. This water -deprived 
mouse is obtaining sucrose water reward from lickometer. All procedures were performed in accordance with the guidelines of the 
National Institutes of Health and were approved by the Institutional Animal Care and Use Committee (IACUC) and by the Office of 
Laboratory Animal Resources at the California Institute of Technology. 
 
 
 
Supplementary Figure 5 
Example raw photometry traces. 
a, Raw photometry signals demodulated from 490-nm (blue) and 405-nm (violet) channel. Notice photobleaching in both channels. b, 
Photometry signals after 405-nm signal is fitted to 490-nm signal by applying a least-squares fit. c, ΔF/F trace is calculated for each 
recording session as. (490-nm signal – fitted 405-nm signal)/fitted 405-nm signal. Notice this can effectively remove the contribution of 
photobleaching and potential contamination from motion artifacts. All procedures were performed in accordance with the guidelines of 
the National Institutes of Health and were approved by the Institutional Animal Care and Use Committee (IACUC) and by the Office of 
Laboratory Animal Resources at the California Institute of Technology. 
 
  
 
 
 
Supplementary Figure 6 
Equipment setup of perfusion system for titrations on cells. 
a, The perfusion system setup for performing neuromodulator titrations during one-photon imaging of sensor fluorescence is based on 
an inverted confocal microscope (7). A display (1) connected with a digital controller (2) for the eight-valve perfusion system (3), an 
eight-channel perfusion inlet (4) and a single channel outlet (5) connected to a peristaltic pump (6) for removal of excess buffer from the 
dish. b, Close up view of the perfusion inlet and outlet setup on the stage adapter containing the imaged dish. 
 
 
